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ROP11;pIORUS FILLINGS FOR. MUJNITIO0NS

Lr orei Report on dh-k Perforund in the F02'iod Ootobor I

-to Decemnber 31, 1947, under Contract No. V[

In the 3-'month poriod oovorod by th-is pr'ogress rep~ort, vrork, was
confnedlargely toa study of tho phyuioeal properties and thermal sta~bilities

of illngscomrieriggraultedwhie Posporu bondwith Duralon,
Thio~kol UL'-2, ord-inAry pleaater of pa~rts, and plaotar oR paris set výIith an
ernuleion of phosphorus in polyvinyl aloohol. The in-nediate objoctiv". was M
dottzmjdna1;iun of the opt~xium compasitions of' fillinteo to ho. chferod. into

4.2'noh M nioll forto-s at -the Armiy Chemical Cenite

Sinc~o f.i21ingo ceoat~ing larg~oly oI' muso5;vo red phosphorus,
prolpare3. by the thormal convrnioion of wihite phoaphorus in theoseal-ad Yntni-
tJioi,, had showyn promisýe, study wras dlretekd t[ada reucio in th e ae
to 11d Qrato and attenclant preasareu du-I'g, the oxothurmi-oc onvo rs.ion t hrough
tho uie (if a miniture of rorl and vihito phoniphorus as tho initial chsargv.

LO if 'ioýlavi~ty

The specific, tr-,:it0e Of' Cast spof.chib-rs of the variouo bindlore
ut;ec, in. tho preparlAt1.OX olf phorphoruo Pillings wrore deternined by the water-
cH~llaoornent imthod.. The rosulta, tbogather with eotimabovt of tho speoific

gremtiecand phospliorus oontentsa of fit.ling,,s pro pare-d aith the b3.ners,
arc listed in Tablo 1. hach of the •'illings in tho table contained the same
anoiwiYA of' gvanulated hiephos~phoruv, 63 pov cor.t of iUo ZAmount of' MWIA-

VflOphocephoruo that would occupy tho, sarns S-,)CC 3as theo filhinG13,

JEmuls ionh oP pho sphorus in a~queouos polyvnyalo l otin
worý found, to oox)itnn rolativoly lari.c quantitios. of gas that apparent~ly fk.sd
Lbooin incoriporatetd ir. the nmbture9 in ý;hoir preparationi. The amount oP'
(eCe. udod gas ard tic vato of its ocoape froyt t~he crilulionc are indiow,.od
by 1ýho apparcint spei:L'l.c gravitieci liotod. iu, Table 11. The cpeeigLko gravities
lsorE determined by nmoa.wuri..ag bho apparoub weight of a stool bob suapajided
iU) '11 erIAulco.1.3;0 ty-e ,:oproducibilit). of tho ioaisurcnronts was of tho order
ox - per cent.



TABU1i

ifi GrvtisofAdesad hopoaFlings 'Pepared with Them

8p. gr'. O~f Phosphv~rns
Uinder ~i rclontent, wnt

Durcz cauting roesin 1. 2211 i.59 ~ '7
Baker casting rcowý.Y. 1.184 1.L58 71
fluaolon. 30 1.286 1.62 70
Thickol 1J- 2b 1. 278 1.61 70
rla-tor of' pari.Auc 1.509 1.70o 66

Lttibodon Icho i~curnpiiorkj thMt tho pranulatod 'i4P oo-ibina 37ý. voids
ard that the araount of binder io 105>, of' that r'equired. to N.11 the

b r7-id VPaeocn.
C.:vad with 20/' 2 urfutr~u cxitd 4P orn'ic acid. Incorporation of 1'/0
Tiwi'oalptoothanol has li~ttlo offoot on the tabuiatod values.
PI.zpnroxd %iith oquwW-. iveit~hte of' pla,.ter arcl water,

TAbDiA I I

i~.tQ Pliouporm in Aqieooi Polyv 'inyýl Alcohol

V.).coraIty ratlun, Of Hioa) gh H.i H high Md i vm
con~cn. of' alcohol in no,3.n., wit, %--- 8 8 4.8

T ivr ttft o rpin127., r rrn~ i~ r

D. 25 - - 0.37 0.07
0.50 0.7<1 0.93 0.48 0.78
I - - 1.23 0.9q31)
P. 1.04 1.15 1.30 1.60

- -1.30 1.37
4 ~~1.30 1d
0 -'.1.30 1.30

24 - 3, J. 310 1. 30
403 1.33 1. 3



Although Table 1Y indicates that substantiAlly all the ocoluded
.gac Beaped from ;hU O.Musionr -5,12 4h . 1.LJa&O.'d with granul.ated
phospho-'u,,, p. o_!oo - . -wuer-phrphfrAn tmuleJ.5ons, and plaster of
paris more than filled M15 grenades when the weights of the miiterials
taken were calculated to oooupy a voluiio of only 225 co. A sample of the
filling wa4 allased to set in a glass sample bottle. The filling then was
observedto contain nuwerous gas pooketu, a,.0 rough masurements indicated
that the apparent specifio gravity of the filling war 1.42 instead of
approximately 1.75 as estimated from the kniown specific gravities of the
componants. Hence, the gas pockots must have oociipied about 19 per cent
of the -total volume of the fi~.ing. The occluded gas evidently waa

incorporated into the mixture when the granulated phosphorus, emulsion, and
plaster of paris were mixed in a beaker with a spatula. Rodding the freshly
charged filling in the grenade and tapping the grenade on a solid base before
the burstor well was insexted were of no avail in. settling the filling so, as
to expel the occluded gas. In spite of this undvsirable property of
ocoludineg gas, however, this type of filling has performd excellently in

all firing; teost, und grenades filled with this naterial contain more
phoL•phovub 'hUn grenades filled vith any other filling prepared from
granulated whito phosphorus. Yoreover, the planter-emuleion fillings appear
to te tharnally stablo And quite prorilsing.

Thormal Stabilit•

In evalua•tng "the ithermal otabhlity of phosphorus fillJingso a filled
munition is heated for 8 hours at 665' C. while lying on its side and then
ii; allowed, to cool in the ssam position. The utatic unbalance o'f the muni-
tion is dotorminod by miasuring the weight, suspended from a string wrapped
around th:. munition, required to maintain the munition at equilibrium on a
horizontal plane w'hen it has been rotated 90" from its natural rest point.

The unbalance is reported au the uhift of the center of gravity of the
munition from the geoo,'wrio longitudinal bxis.

A mothod was devised for determining the position of the center
of fravity of the filled munition along its longitudinal axis as well as the
lateral shift from the axis. The apparatus is a reotangular cradle in which
an P:15 grenado can be supported so that the longitudinal axes of the cradle
ond the grenade aplrooaOxh parallolism in a vurtloal plane. The cradle is

suspended from a pair of knife edges, a. line through the bearing edges
beivg substantially perpendicular to -ie vertical plane that passes through
the longitudinal. axis of the cradle. A mirror, attached to the beam

oontectiAnC the knife odgesr, reflects the ray of light from a galvanometer

lamp to a Verti.al oal.
/



To locate the cen:ter of' g-vity of a grenade along it logitudinaW l
axis, the munition is placed in the cradle and weights are suspended from
the appropriate end ol' the orad.Le at a known distance from the center of
gravity of the cradle to bring the ray of light reflected from the mirror
on i;he knife-edge beam back to the original zero point on the vertical
soal.e, The weight of the munition being known, the distance of the center
of gravity of the munition from the center of gravity of the cradle is
caloulated readily. The munition is placed with its base at a known position,
so that t;he distance of the center of gravity of the munition from its base,
w;hich i1 taken us the most convenient reference polixt, is determined,

Previous results of thermal stability te,-;ts have been roportod as
the actual ,hift, in millireters, of the center of gravity o't the munition
from the longitudinal axis. Work covered by the present report included
samples in both 1415 grenades and glass sample bottles. Since neither the
rat:.o of the weight of the filling to that of the container nor the
diw-nsions of the containers are the same, the present results are reported
in 1.eroentages. All values are calculated on the basis of the filling
alonle.

The reported values can be converted to values applicable to TA15
[ retades by dividing by 2, since the weirht of the container is approimately
.squil to that of [Lhe usual filling, or to values applicable to 4.2 CM shells
ty dividi.ng by 3, since the weight of the container is approxirately twice
tha;ý of the usual filling. The lateral shift of the center of gravity from
the long.itudinal axis is expressed as a percentage of the internal diameter
of the cylindrical section of the munition, and the shift of the cerrher of
ryravity in the direction parallel to the longitudinal axis of the munition
is ,xpresscd as a percentage of the original distance of the center of
graxity of the filling from the outside bottom of the munition. In a
nor•lly filled M15 grenade the original center of gravity lies beteen 40
v7nd 45 por cent of the total lenLth of the grenade o.se, while the center
of gravity of the ompty case with burster well in place is between 64 and
C-6 )er cant of the lonth of the case above the base.

It is assumed that the smximum shift in center of gravity would
be •lbained with s m.terial such as nussiv. white phosphorus, Aiich is a
solLd at room temperature but which behaves as a fluid at the temperature
of the tost. The values in Table III snow the shi.fts in center of gravity
of bhe filling that are obtained when 1415 grenades containing various amounts
of saseive white phosphorus are subjocted to thorrvil stability tests.



TA.DIE tXI

Shi-l;t of Contmr of Gravity of RMrocivo Whitto P~hosphorus

* ~lin U n L115 Gronades i~n Thermal St4ability Teat

L~~tornlnc fhf Žnzrom base of rronoado
6.of pho.sph~oruc from longe. arg a Hi~J hage,)

Hll~/7\ 0 C.%o n. CM. Pm.

0.54 9.3 4.5.534 V2.5
380.49 3.41 4.50 5. 35 16.9

591, 0.41, 7. P 4.59 5).35 16.6a
404z. 0.35 6.I1 4.71, 5.26 1.2.1
411 0. 34 E. 4.80 5 .37 11.9

41!02. 5.0 4.85 5.4 10.

Thrroe soricoa of' fillIings proparcso 5c rnltd phosphoýrus with.
Dur.Ion urd Thiokoil 3..2blndoroi wewo plvcod in 4ý-oz. glass -3wple bottles.
Mwho. th2 roaracili had cured, thue coiftr of gravity was located, andl the
"~'U2flelC thouw wex-e -subjec~ted to an 8--hour tlorziiw.1 :itabtl-Ity test. Theli rcnJultb
0. he1 uw t re :htaIn Tablo III. The bottles,- warn about 4.5 am. In
dta),:ýAtor ovid 10 cn. tall, InsiAs iusb zoo Yncludad in Table ' W ave

ost; ~ 'n~.lUbatJiy c.oiild b-e 0niiw;dinoida' tastse with mr-FýsiB±'Thiniteý
piephoz. l'll 'ý; Oo,,opyiL~g. the -,u' r( luo) : a,- thoe exporirVntnbl fli. inge.

AnM'~f~t0V.of the shwe hat mo?.ten phosphorus hiid ruin
ruJIt of , e: UI11upsi t~n iJft-ttlcij hotVr0Aor :;Il( top` Of bhe -filling vand Ihin top

of o n'.;iu hi.amount oh' 10:phoshorus th.at van out of' each fi:Llnmf 'Lti
tvryn in uooumr '5 of Table TV. Ths IL-.toy.al unbalanco re~sultant from this

d~s~ecint f ph-ho i miounbed. tLo ba3tyoon 50 and 90 pay, cqnt of' the
i;OCAV l'`,'-tdr~. ouT' 01ec oh' , teetr mpLt-3 thcat thero lpparet.Aly had

T sCOir vlouiln of phosphorusa thrcouglix tho solid aopngp) 0cC curudtier
Ah.tthe) tlreuodxo cnwv'lc ore olhitrni 7cr 8 hours at 650 0l. , stanlding

t'pr l.gt.~ shew ltberal. unb-.alanco deorcovsori aubsutarially to oabut the,
co orsc grvwity of Ithe fillings rerialivd slightly above the cirigil

Cow >craoPc gravity. Muhof tike phosphorusj rrmainedl on top of' thie bo~dy- ofV
th fllu rt~the~r thn uturnIn~g to it;3 orlgna pos.ition.



TA BLE' XV

The r~rnLStabi Lt- _..T ot of Duralon and Th.'okol IP-2

Fi 2.lingo Aui Glens Sýlejott2o

Bztd. ahif't of' c.6.
Sbift oP' certer for massiv6¶ aP vr.;h

of f~raSAY[& volum~
Samnple Binder, Loms of' Lstar:l, Long.. 1-Aor a ILog

~P ~ of diz. i ofort dia. %of ol:i'g.

Duralon

L6 56 34 12.6 5 0 ý9 17.9 61.8
.1380 so 36 7.7 k'1. 7 1.7.2 58.0
L'100 W0 7 2.6 41.0 14.8 46.3
Eel2 12 0 0 2 1.8 1. j .1.2.2 34.6

Thiokol LP-,2"

J60 80 16 4.8 10.3 17.4 50. S
.1100 100 4 L.9 G6.4 14.0 42.1
J1120 120 2 1.8 3. 3 12.6 36.3

Thiokol LF-2 wiith marcf:.ptootiinol d

1480 80 is F).8 15.0 17.0 56.5
WOO0 100 1.1 1.9 4.8 14;.0 45.3

1d120 1110 5 2.5 2 .7 14.8 45.3

Per ocint of amoun.:; o;7 binadur required, to fill all. void spaces in the
granulatcd phoophor.U~. Grnnu~ated phosphorus consistod of 6Oý- minus 4-

bp~us l-mesh and i(~xi1uo L3-*mogh 1granxilos.
Per cont of total. phosphoi-Ls c 'hare;od thý.t roxu out of body of tho filling.

d Ctired with 20/' fur fuvul gnd. 4ý- :(orm1iC acid.
Cont-aJned 1%- nisrooapimothanol; cured w~ith 2Cý, Aurfuiral and 47.% formic aci.d.

The data -'In Tcblo WV indicato, howvioro. that the fillin&gs were
Vairly otable the;~rmally wha c ufficiontr bindtir was present, to ensýure
vlubstant-ially complato covorine; of tho phosphnorus granulec. It. i.c concluded
that moi;t of the sh.Lft of tho centnr o.. Craxvit;y of~ these fillings As attributablo
to the tnovomcvfi5 of ph~h~ointo the void opaco An the conitainer. The
glass srflkpleo bottles woire filloO, to only ahoul; 85 pox- cent of their capacity,



whereas 85 per cent of the toeJl space outtomari'y is occupied by the
filling in both M15 grenades and 4.2 CM shells. More oomplete filling
obviously would permit loss movemoen of molten phosphorus, so that a
higher epparent thornwl .tabblit-y could t pootok i.•i -"tual A.wil-i-n-

W; ~liana waEý obtained iu tests in the glass sample boet les.

Phosphorus fillings in which phosphorus granules wore cemwnted
with ordinary plaster of paris and with plaster of paris sot with phosphorus-
polyvinyl alcohol emulsion were placed in i15 grenades and subjeoted to
thermal stability tests. The rosolt, are shown in Table V. Each filling
oooupied approximately the vol.xrn that wouild hold 420 grams of massive
white phosphorus, the ocalculated shift of center of gravity of whioh may
be estirated from the data in Table III. The thernl rtability of the
fillingi; bound with ordinary plawtor of pF-ris was uniformly high; the
soenwhat lower stability o-' the emulsion fillings apparently was caused by
movement of phosphorus dmvnward through the body of the fillings ;ithout a
ooncomitlant moveeront of phosphorus into the void space of the munition.
The latoral shift of the conter of gravity in the emulsion-bound fillings
was about twice tho.t 1n tho ordinary plaster fitllings, but the change in
the distance of the conter of gravity fron tho base of both typos of
filling was about the san,.

TABIL V

Thermal SI;abilityTests of Plater of Paris and

lPolyviyln-t A3ohol Emulsioin Fi1]J.njr in '_15 C-e iadeu

Size of Latoral shift Dtst. from base of Cgrnade
6aspioe granulatod f.e.. n- axis

.. ,. o .lofndi. Mis . (iM. change

Plaster of paris

CI2A 60-40 0,003 1.61 5.01 5,1). 1.8
C12B 60-40 0.039 0.68 5.00 5.03 0.7
C I20 . 4.0-60 0. 040 0. 70 6,02 5.04 0 .4

C12Db 40-60 0,041 0.71 4.97 4.90 -1.4
C2IF,b 20-60 0.022 0.38 4.90 4.99 1.8
C12Fb 20-80 0.043 0.74 4.86 5.25 7.9

Lin'fl alcohol omulsion.'plaste of parf.s

Id, 60-40- 0.100 1.88 4.81 5.00 4.0
1A.4B 60-40 0.126 2.18 5.37 5.43 1.1
1140 ,10-'60 0,061 1.06 6.43 5.41 -0.4
LAD 40-60 0.123 2.14 5.36 6.42 1.1
Mb 20-80 0.130 2.26 5.39 6.51 2.1

L4!,'b 20-80 0,138 2.4(0 5.41 5.44 0.6

STho f'irst figure is the ooroentýAg ol.: m-nun 4- plus 8-niiesh, and the
secon, the percentago of"minlns 8-mash g%'anulated phoupphortm.

b Ieake, phosphorus through threads of biurster I-efll.



Thermal stability tests in M15 grenades have boen complicated by
!aaa• of phosphorua pa;AU ýth burster-well threads in about a third of
the grenados. The threads generally have bhen doped with Aquadag. In the
tests reported in Table V, hoeiover, attempts were made to seal the threads
of the burstor wells with solder. Since these attempts obviouely were
"unsucoessful, burstor-well threads no, are being doped experimAntally with
retivated Durulon and Thiokol LP-.2 in the hope of obtaining a phosphorus-
t;ipjt screwed fitting.

PREPARATION OF' RBD PIOSPHORUS

i __lYaein of Product

Two Erenades in which rod. phosphorurs had Wx-en prepared by conversion
of a charge of whibe phosphorus ivere cut open, and portions of the products
wre analyzed for Mhite phosphorus by extraotinn with benzene. A produot
of the conversion of white phosphorus with 1 per cent sulfur as catalyst
:ontained 0.73 per cent whito phosphorus, and a product prepared by the un-
oalJlyzed conversion of whlite phosphorus contained 0.86 per cent white
phoephorua.

The phosphorus was mranipulated under water, and samples for
wno0.ysio wenro dricd at room tomporaturo in a current of dry carbon dioxide.
Th. product of the canalyzod converaion contained small drops of a liquid
"-hat appetared to 1x the 80-20 phosphoruis-sulfur eutootic.

Partially Converted dlhi•o Phosphorus•

The reaction by which white phosphorus is converted to red phosphorus
Is markedly exothermic, and when the conversion in carried out in a closed
iontainsr the heat is generated. so rapidly that external oooling of the
ooni;ainur does not remove the hoat fast enough to provide any effective control
of the tempnrature and concomitant pressure in the reaction mass. Since
:.aximwum condition6 of 5W0• C. ardl 630 pounds per square inch may be developed
in the oonversion, it coenod desirable to devisoe means by vhioh the severity
of thess conditions riigt be reduced. It was assumed that an initial charge
thnt contained soin rod phosphorus would develop lovier temperatures and
pressuros during the converrsion than "•výould a charge consisting entirely of
white phosphorus.



INCLASIFeD

There was available a quaatity of partially converted white phos-
phorus tlit had -wan lett over from the operation of a pilot plant for the |I
produotion of red phosphorus. This material melted and flowed lilm crude
white phosphorus. the red phosphorus could be filtered from the molten
mixture, and when the molten mixture was allowed to stand, the red phosphorus
settled to the bott-m of the cona•iner. The origival mixture contained
about 17 per cent red phosphorus, and a mixture containing about 36 per cent
red phosphorus was obtained by a sottlinG-and-decantin; procedure.

Six 1.115 grenades were filled with the 65-35 white-red phosphorus
mi~rturO, and to throe of theae grunados there was added sulfur equivalent
to about 1 per cent of the white phosphorus present. The grenades then

"were heated to convert the charge largely to rod phosphorus. In the
unoatalyzod samples, tho rapid reaction- started at temperatures betw.een 265*
and 295' C., and the maximium temperatures reached in the quenched grenades
were between 500' and 526' G. In the catalyzed samples the rapid reaction
started at 265' to 2700 C., aml the maximnum temperatures in the quenched
grenades weAe between 523' and 531' C. In comparison, the rapid conversion
of initial charges of substantially pure f hito phosphorus started at 320" to
330' C. in uncatalyzed charges and at 280' to 290' C. in charges catalyzed
with J. per cent sulfur, and the maximum temperatures in quenched grenades
were 663' C. in unaitalyzed charges and 544' C, in catalyzed charges. Partial
oonversaion of white to red phosphorus before charging into the munition in
which the convorsion is to be completed does not seem to be worth the trouble
it entails,

REVIa, OF RESULTS AMD PL,018 FOR FUMTHIZ siORK

Tho data in Tubles IV and V on the Whermal stabilities, as determined
by movements of thr. centers of' gravity of phosphorus fillings bound with
Duralon, Thiokol IXP-2, ordinary plaster of paris, and plaster of paris set
with ae. emulsion of pol"vinyl alcohol and phosphorus indicate that storage
at 05' 0. hea slight effect on the fillinga. The measurements were nmado by
static nthods, however, and the results cannot be projected to an evaluation
of the ballistic stability of a rapidly rotating projectile containing such
charges. Since those maasuromenbs are the only means available at present
for estimating the thermal stability of experimental fillings, they will
ocontinue to be used to select, among such variables as particle size of the
granulated phosphorus and proportion of binder in the filling, the optimum
compositions of tho fillings to bo placed in the 4.2-inch CM shells that are
to bW 6ubjeoted to storAge and firing tests at the Army Chemical Center.

INUS .



'l'j~~i>: It.; i' "I11 Q.I1: l ':• IH 'll i (,m l(l Il) lonlI- i o' l w I(•l

Although the substitution of red phosphorus for 36 per' cent of
zln initial giiar Q ,I' .h1t, regu-Ltud in only a small decrease in the
nazinium temnperature obtained in t~he conversion of white to rod phosphorus
In sealed grenades, several of the tIelrl 4.2-inch CM shells that are to
be filled with massive red phosphorus will be charged with the red and
white phosphorus mixture. Equipsmnt for the conversion of white to r'ed
phosphorus in sealed shells is being procured and assumbled.

Further work on fillings comprising granulated white phosphorus
and binders will be limited to study of methods of preparation and to
determination of thormal stabilitlea of bho various fillings, so that the
4.2-inch cGM shells may be charted with fillings that reasonably say be
expected to give the bWat performance posaible for each type of filling.

m4*sf'
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